A systemic study was initiated to identify stage-specific expression genes in fish embryogenesis by using suppression subtractive hybridization (SSH) technique. In this study, we presented a preliminary result on screen for stage-specific expression genes between tail bud stage (TBS) and heartbeat beginning stage (HBS) in gynogenetic silver crucian carp ( Carassius auratus gibelio). Two SSH plasmid libraries specific for TBS embryos and HBS embryos were constructed, and stage-specific expression genes were screened between the two stages. 1963 TBS positive clones and 2466 HBS positive clones were sampled to PCR amplification, and 1373 TBS and 1809 HBS PCR positive clones were selected to carry out dot blots. 169 TBS dot blot positive clones and 272 HBS dot blot positive clones were sequenced. Searching GenBank by using these nucleotide sequences indicated that most of the TBS dot blot positive clones could not be found homologous sequences in the database, while known genes were mainly detected from HBS dot blot positive clones. Of the 79 known genes, 20 were enzymes or kinases involved in important metabolism of embryonic development. Moreover, specific expressions of partial genes were further confirmed by virtual northern blots. This study is the first step for making a large attempt to study temporal and spatial control of gene expression in the gynogenetic fish embryogenesis.
INTRODUCTION
Embryonic development is a progressive process, and the process is regulated by differential gene activity. All the somatic cells in an embryo or individual are derived from the fertilized egg by successive rounds of mitotic cell division. The differences between cells must therefore be generated by differences in gene expression [1] , [2] . It is generally believed that particular embryonic morphological stage is related to particular gene expression. Thus, to understand the mechanism of embryonic morphological construction and pattern formation, it is necessary to identify and analyze genes that are activated at special development stage and/or tissues and organs.
In the early of 1980 s, Sargent and Dawid (1983) had analyzed differential gene expression by subtraction cloning [3] . In recent years, mutagenesis screens, such as random insertion of exogenous DNA, targeted mutagenesis in embryonic stem (ES) cells and random mutagenesis screens using irradiation ray or chemical materials, have been performed in several model organisms and have identified many essential genes required for normal embryonic development [4] [5] [6] . However, these strategies have been undertaken on a limited scale and several model organisms.
Suppression subtractive hybridization (SSH) [7] has been widely demonstrated to be a very successful technique for studying differential gene expression [8] [9] [10] [11] [12] . By the way of hybridization and PCR of mRNA or cDNA of different tissues, organs, development stages or individuals, the general genes are removed and low abundant specific genes can be enriched. Therefore, we can get specific expression gene fragment libraries that have been enriched.
Fishes, the biggest and most diverse community in vertebrates are good experimental models for studies of cell and developmental biology by many favorable characteristics [13] . Natural gynogenetic silver crucian carp (Carassius auratus gibelio) is a special species that have some particular characters different from other natural gynogenetic vertebrates. There are about 5-20% males in natural populations of silver crucian carp [14] . The spindle behavior was also special during the oocyte maturation. The chromosomes were first arranged to become a tripolar spindle, then the tripolar spindle was turned round and reunited and finally a bipolar spindle was formed [15] . Therefore, silver crucian carp had been considered as a unique system for studying mechanism of oocyte maturation, sex determination and embryonic development [16] [17] [18] [19] . In order to understand the mechanism of embryonic development behind the gynogenetic silver crucian carp, we have initiated a systemic study to use suppression subtractive hybridization technique to identify stagespecific expression genes in embryogenesis. In this study, we present a preliminary result on screen for stage-specific expression genes between tail bud stage (TBS) and heartbeat beginning stage (HBS) in embryogenesis of gynogenetic silver crucian carp. It is the first stage for making a large attempt to study temporal and spatial control of gene expression in the gynogenetic fish embryogenesis.
MATERIALS AND METHODS

Brood fish and embryos
The brood fish of gynogenetic silver crucian carp, belonging to clone D, was selected from Guanqiao Experimental Station, Institute of Hydrobiology, Chinese Academy of Sciences. During reproduction season, spawning was artificially induced by two intraperitoneal injections with a mixture of acetone-dried carp pituitary, HCG and LRH-A [20] . Ovulated eggs were inseminated with sperms from red common carp Cyprinus carpio to stimulate gynogenesis [14] . The inseminated eggs were incubated in about 20oC. About 1500 embryos at tail bud stage (TBS) and at heartbeat beginning stage (HBS) from the same brood fish were respectively sampled for RNA extraction at about 30 h and 68 h after insemination.
Total RNA and mRNA isolation
The embryos were sampled from culture dish with forceps and washed twice with re-distillation water respectively. Then, embryos were appreciably dried with filter paper and total RNAs of each stage were respectively extracted with total RNA Extraction Kit (Pharmacia). mRNA was isolated from total RNA with PolyATtractm®NA isolation system III (Promega).
Suppression subtractive hybridization
Suppression subtractive hybridization was proceeded according to protocols of PCR-select TM cDNA Subtraction Kit (Clontech): 2mg mRNA of TBS and HBS embryos were reverse transcribed into single strand cDNA and double strand cDNA respectively. The resulting cDNAs were digested by Rsa I and then extracted with phenol and chloroform. The Rsa I digested cDNA was served as driver cDNA. 1 l driver cDNA of each stage was diluted with sterile water and divided into two portions. One portion was ligated with adaptor 1 while the other portion was ligated with adaptor 2R. Such adaptor-ligated cDNAs were served as testers. Two hybridizations were then performed. In the first, an excess of driver cDNA was added to each sample of tester of another stage. During the second hybridization, the two primary hybridization samples of the same stage were mixed together without denaturing, and freshly denatured driver cDNA of another stage is added to further enrich for differentially expressed sequences. After that, two steps of PCR amplifications were performed. The PCR products were cDNAs which non-specific expression gene cDNAs have been removed and stage-specific expression gene cDNAs have been enriched. SMART cDNA library construction 1 g mRNA from TBS and HBS embryos was respectively transcribed into single strand SMART cDNA with SMARTTM PCR cDNA Synthesis Kit (Clontech) according to the procedure of library construction. 1ml single strand SMART cDNA was diluted into 400 l, and the other single Strand SMART cDNA was synthesized into double-strand SMART cDNA.
PCR analysis of subtraction efficiency
Cloning and dot blot hybridization
Second PCR products of TBS and HBS were directly cloned into vector of pGEM-T (Promega), which would be transferred into Top-10 of E. Coli and screened by blue and white colonies. White colonies were selected and PCR amplifications were performed with primers of nested PCR primer 1 (5 -TCGAGCGGCCGCCCGGGCAGGT-3 ) and nested PCR primer 2R (5 -AGCGTGGTCGCGGCCGAGGT-3 ). Equal volume of 0.6N fresh NaOH was mixed with 2ml PCR product, and two identical Hybond N + nylon membranes were made by loading 0.5ml of the denatured PCR product of each clone on the same location. After neutralizing for 5 min in 0.5 M Tris-HCl (pH 7.5), and washing in H 2 O, the blotted membranes were baked to cross-link the DNAs for 2 h at 80 . 200 μl second PCR products of subtracted cDNA from each stage w ere purified with Glassmilk DNA Purification Kit (BioStar). 1 μg cDNA from each stage was probed with DIG High Primer(Boehringer Mannheim). Probe preparation and hybridization were operated according to the protocol. One of the baked membranes was hybridized with probe of TBS while the other with probe of HBS. Hybridization was performed for 16 h with standard hybridization buffer, then stringency washing, maleic acid buffer (replaced with Tri-Hcl) equilibration, blocking, antibody binding, maleic acid buffer equilibration and then color reaction with NBT/ BCIP (SABC). These clones that display color dots only in membrane hybridization with probe of the same stage were thought as dot blot positive. Then, the dot blot positive clones were selected for sequencing.
Virtual northern blots
Based on the results of sequencing, 45 gene fragments were selected to amplify by PCR with nested PCR primer 1 and nested PCR primer 2R. After extracting by ethanol, the amplified cDNAs were respectively used to prepare probes for virtual northern blots. 25 l SMART cDNA products prepared respectively from TBS and HBS embryos were electrophoresed on 1.0% agarose gel, and transferred to Hybond N + nylon membrane. Then the membranes were baked at 80 for about 2 h. The baked membranes were respectively hybridized with the prepared probes from different clones. Hybridization and color detection procedures were similar to that described previously [10] , [11] .
RESULTS
Construction of the subtracted cDNA libraries
Two subtracted cDNAs specific for TBS and HBS embryos were first evaluated by PCR analysis using a-tublin gene as probe after subtractive hybridizations were performed. As shown in Fig 1, the subtraction efficiency was obvious. For the unsubtracted cDNAs of tail bud stage, the a-tublin product could be observed at about 20 cycles, while the amplified product could be seen at about 30 cycles in the subtracted cDNAs. The abundance of α-tublin was theoretically different about 28 between unsubtracted and subtracted cDNAs. So far as the subtracted cDNAs of heartbeat beginning stage, it was about 9 cycles later that a a-tublin product could be seen. Therefore, the abundance of α-tublin was theoretically different about 2 9 between the unsubtracted and subtracted cDNAs. These results showed that suppression subtractive hybridization between TBS and HBS embryos have effectively excluded nonstage specific expression genes. Then, two subtractive cDNA plasmid libraries specific for TBS and HBS embryos were constructed from the subtracted cDNAs. Screen of the differential cDNA fragments Dot blotting was used to screen the differential cDNA fragments from the two subtractive cDNA plasmid libraries. 1963 white clones and 2466 white clones were respectively sampled from subtractive TBS plasmid library and HBS plasmid library to amplify the inserted cDNA fragments by PCR with primers of nested primer1 and nested primer 2R. Abbreviations: F-frequency of identical clones; TBS-tail bud stage; HBS-heartbeat begining stage. N-no virtual northern blot was done; T-TBS-specific expression confirmed by virtual northern blot; H-HBS-specific expression confirmed by virtual northern blot; B-expression in both stages confirmed by virtual northern blot.
1373 and 1809 PCR positive clones were selected to carry out dot blotting respectively from TBS and HBS subtracted libraries. Those TBS clones that could be seen in membrane hybridized with probe of SSH cDNA of TBS but not HBS were TBS dot blot positive (Fig 2A and 2B) , and those HBS clones that could be seen in membrane hybridized with probe of SSH cDNA of HBS but not TBS were HBS dot blot positive (Fig 2C and 2D) . These dot blot positive clones might be thought as differential cDNA fragments specific for TBS or HBS.
From these dot blot positive clones, 169 TBS and 272 HBS clones were selected to be sequenced respectively. The sequenced results were analyzed by searching NCBI database. From the analysis results (Tab 1), we could see that no homologue sequences were found in 129 TBS dot blot positive clones and 32 HBS dot blot positive clones, which implicates that these positive clones might be some unknown novel genes. As shown in Tab 1, 79 homologue genes have been detected, and 6 of them were hypothetical proteins that the function had not been studied. In the known homologue genes, there were 20 enzymes or kinases. Some genes that play important role in embryonic development, such as heat shock proteins, uncoupling protein 2, cement gland protein FAG-2 (fish anterior gradient, XAG-2 homolog), epidermal differentiation-specific protein, and fast skeletal muscle troponin, were also detected.
Additionally, several genes specific HBS embryos, such as globins and creatine kinase, were detected by very high frequencies from dot blot positive clones (Tab 1).
Virtual Northern blot confirmation of stage-specific expression genes
Virtual Northern blot results showed that not all of the dot blot positive clones were stage-specific expression genes (Tab 1). Of 45 cDNA fragments that virtual northern blot had been carried out, 21 fragments were positive. The positive frequency was more than 46%. Fig 3 showed 10 differentially expressed genes confirmed by virtual Northern blot. The 10 genes included 3 unknown genes specific for TBS embryos, such as TBS39, TBS40 and TBS41, and 7 known homologue genes specific for HBS embryos, such as HBS4-the alpha globin type-3, HBS99-the alpha skeletal muscle actin (a-actin 1), HBS125-the fast skeletal myosin light chain 2, HBS126-the fast skeletal myosin light chain 3, HBS159-the creatine kinase M3-CK, HBS196-the anterior gradient 2 (FAG-2), and HBS203-the Aminoleuvlinate synthase erythroid specific isoform (Tab 1). So far, all of the TBS specific expression genes confirmed by virtual Northern blot could not be found any homologues, which suggested that they might be novel genes. However, there was only one HBS specific expression gene that could not be found homologue in NCBI database.
DISCUSSION
Subtractive hybridization and differential display have been extensively applied in isolation and identification of disease relating genes, embryonic development stage-specific expression genes and genes that determine cell differentiation or organogenesis [21] [22] [23] . Although the theory of differential display is very simple, it costs too much time and the false positive rate is quite high [24] , [25] . Traditional subtractive hybridization methods required several rounds of hybridization and are not well suited for the identification of rare messages [26] [27] [28] . Based on the applying of selective amplification of differentially expressed sequences, besides overcoming technical limitation of traditional subtraction methods [29] , [30] , suppression subtractive hybridization leads to enrichment specific-expression library. Our results showed that non-specific expression gene atublin had been reduced about 2 8 and 2 9 after subtraction between tail bud stage and heartbeat beginning stage respectively. It suggested that nonspecific expression genes had been gotten rid of and stage-specific expression genes had been enriched efficiently in our suppression subtractive hybridization libraries. Therefore, such suppression subtractive hybridization libraries were successful. The work of isolation and identification of known or novel genes is the base of functional studying and therefore the base of embryonic development mechanism. As showed in our results, we could screen a great number of known and novel genes involved in embryonic development from these libraries. Thus, construction of subtractive libraries will be useful for studying embryonic development biology.
SMART cDNA method is a useful technique accompanying suppression subtractive hybridization. A modified oligo(dT) primer primers the first-strand synthesis reaction. When reverse transcription reaches the 5' end of the mRNA, the terminal transferase activity of reverse transcriptase adds a few additional nucleotides oligo(C). Then, the secondstrand cDNA was synthesized with SMARTTM Oligonucleotide, which has an oligo(G) sequence at its 3' end. SMART cDNA can replace RNA in analysis of virtual northern hybridization and the information given by virtual northern hybridization was the same as provided by standard northern hybridization [12] , [31] . This character is valuable for studying embryonic development of animal that can only spawn one time. Moreover, SMART cDNA is very useful in cloning the full length of cDNA [31] . In this work, the virtual northern blots positive rate of dot blots positive clones could reach more than 46% suggested that dot blot is effective. Such a pre-screen is necessary for cloning specific expression genes from SSH libraries because it can save not only much money but also valuable time.
Embryogenesis is a progressive and complex process. The early stages of embryogenesis involve cell migration and pattern formation, and lead to the formation of three germ layers (the ectoderm, mesoderm and endoderm) and developmental field. The later stages include cell specification, morphogenesis, differentiation and commitment, and result in organ formation (organogenesis) [32] . These developmental events and modules are controlled by differential gene activity. The current study was mainly concentrated on the screen for stagespecific expression genes between tail bud stage and heartbeat beginning stage in embryogenesis of gynogenetic silver crucian carp. As screened by SSH (Tab 1) and verified by virtual northern blots (Fig  3) , TBS-39, TBS-40 and TBS-41 expressed at TBS but could not be detected at HBS. They must have been activated at earlier embryonic developmental stage, even before fertilization. After TBS, they fulfilled their mission and were degenerated between TBS and HBS. Gene transcription activity is tightly related to its function. Therefore, their instantaneous expression activity suggested that they should be regulative genes of early development stage-specific and play some important roles during the early embryonic development. Although it is necessary to supply further evidence, we can believe reasonably that TBS-39, TBS-40 and TBS-41 may involve in some early embryonic developmental events, such as cell migration or pattern formation. TBS-specific expression genes were obviously fewer than that of HBS. It might be because that once activated, gene would keep expression activity in a quite long time and most of genes expressed at TBS did not be closed at HBS.
The fact that most of HBS dot blot positive clones were identified as known genes was consistent with the extensive studies on heart and blood formation in vertebrates, especially in the model animal zebrafish [32] [33] [34] . In the sequenced HBS stage-specific clones (Tab 1), most of them were embryonic globins, myosin, or creatine kinase. These genes belong to embryonic globins family or myosin family. They were important structural proteins and regulative factors. Embryonic globins, which carry out function of transporting oxygen and nutrition for cells and tissues, are the most important constituent of circulation system [32] . Because embryonic globins are significant signals of heartbeat establishment and circulation system formation in the early vertebrate embryo, its highlighted expression revealed by this study indicated that the SSH library of HBS embryos is highly effective. In addition, a clone that was 97% amino acid identity to the 3'-end of ALAS-E (aminoleuvlinate synthase erythroid specific form) has been also detected. Because ALAS-E is a speed-limited enzyme that catalyzes the first step of heme synthesis, and is erythroid-specific [35] , it should be activated when embryonic globins are to be synthesized. Therefore, other genes involved in the regulative network will be able to be revealed by further studies.
In summary, we have detected some embryonic development stage-specific expression genes between TBS and HBS by largely screening SSH libraries. Moreover, their specific expressions were confirmed by virtual northern blots. Full length cDNA clone and further studies on their function, such as their spatial and time expression models, will help us to understand the molecular mechanism underlying the fish embryonic development.
